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ABSTRACT
The authors analysed copper, iron, manganese and zinc concentrations in liver, gills and mus-
cle in two species of fish from salt marshes on Cadiz Bay: the sole Solea senegalensis (Kaup, 1858)
and the killifish Fundulus heteroclitus (Linnaeus, 1758). The highest concentrations of copper and
iron, in both species, were found in the liver. The mean values reported were: 977.71 ± 42.92 and
354.42 ± 22.80 µg g–1 for iron and 124.16 ± 15.97 and 60.17 ± 1.95 µg g–1 dry weight for Cu in S.
senegalensis and F. heteroclitus, respectively. The distribution pattern of zinc in organs was different
in both fish, so S. senegalensis showed the highest values in liver and F. heteroclitus in gills. The re-
sults of the present study enabled us to determine the background concentrations of these met-
als in both species and their distribution in the different organs. These data will constitute a ref-
erence for future studies on the evolution of contamination in this area.
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RESUMEN
Concentraciones de los metales cobre, hierro, manganeso y zinc en peces de las marismas de la bahía
de Cádiz (suroeste de la península Ibérica)
Se han analizado las concentraciones de los metales cobre, hierro, manganeso y zinc en branquias, múscu-
los e hígado en ejemplares de dos especies de peces: Solea senegalensis (Kaup, 1858) y Fundulus hetero-
clitus (Linnaeus, 1758) recolectados en las marismas de la bahía de Cádiz (suroeste de la península Ibérica).
Las concentraciones más elevadas para hierro y cobre, en ambas especies, se encontraron en el hígado. Los va-
lores medios registrados fueron: 977,71 ± 42,92 y 354,42 ± 22,80 µg g–1 en el caso del Fe, y 124,16 ± 15,97
y 60,17 ± 1,95 µg g–1 peso seco para el Cu en S. senegalensis y F. heteroclitus, respectivamente. El com-
portamiento del zinc fue diferente en ambas especies, ya que mientras en S. senegalensis el hígado registró los
valores más elevados, en F. heteroclitus éstos se hallaron en branquias. Los resultados obtenidos permiten de-
terminar la concentración basal de estos metales en estas especies y su distribución en los órganos analizados,
y constituyen una referencia en estudios posteriores de la evolución de la contaminación en esta zona.
Palabras clave: Cobre, hierro, manganeso, zinc, pez, hígado, branquias, músculos, bahía de Cádiz.
Bol. Inst. Esp. Oceanogr. 15 (1-4). 1999: 485-488 INSTITUTO ESPAÑOL DE OCEANOGRAFÍA
ISSN: 0074-0195
© Ministerio de Agricultura, Pesca y Alimentación, 1999
BOLETÍN
INTRODUCTION
Contamination of the marine environment by
metals has risen in recent years due to the global
population increase and industrial development.
The littoral and estuarine zones are more exposed
to this problem than the oceans because of their
proximity to the sources of pollution. 
The distribution of heavy metals in the different
components of the marine ecosystem (water, sedi-
ment, flora, fauna) is regulated by physico-chemi-
cal processes, e.g. dilution, diffusion, precipitation
and sorption, as well as other processes involving
marine organisms, such as uptake and elimination. 
Biota is recognised as an important indicator of
heavy-metal contamination of the marine environ-
ment. Fish are used as indicators of marine pollu-
tion because they are relatively large and easily
identified. Baseline surveys of the concentration of
heavy metals in selected fish species have been con-
ducted on several coasts around the world (Essink,
1989; Hornung and Kress, 1991; Pocklington and
Wells, 1992; Otway, 1992; Rainbow and Phillips,
1993; Sharif et al., 1991; Turgeon and O’Connor,
1991; Vukadin, Stegnar and Smodis, 1982).
The salt marshes around Cadiz Bay constitute an
area supporting a high level of aquaculture pro-
duction, mostly fish, molluscs and crustaceans.
However, urban and industrial sewage are dis-
charged in this zone, threatening the water quality
and the viability of aquaculture.
The objective of the present paper was to evalu-
ate the utility of different organs and tissues (i.e.
liver, gills and muscle) in two fish species, the sole
Solea senegalensis (Kaup, 1858) and the killifish
Fundulus heteroclitus (Linnaeus 1758), as indicators
of heavy-metal contamination. The authors also
created a database for further studies on the evolu-
tion of contamination. These species were selected
because they have different habitats and feeding
habits, and could be representative of different
sources of heavy metals.
MATERIALS AND METHODS
The species were collected between October and
February in the salt ponds of Cadiz Bay (southwest
Iberian Peninsula). Afterwards, they were trans-
ported in aerated tanks to the laboratory and kept
in running seawater (3 or 4 days) until they were
anaesthetised with MS-222 and dissected out. Pools
five (liver, gills and dorsal muscle) from four to five
specimens were prepared. The size of F. heteroclitus
ranged between 6.3-11.7 cm and the weight be-
tween 3.5 and 12.4 g; S. senegalensis had a mean size
and weight of 36.5 ± 3.2 cm and 435 ± 62.1 g.
Samples were freeze-dried and digested according
to the method of Amiard et al. (1987). Heavy met-
als were analysed by atomic flame absorption spec-
troscopy (Perkin-Elmer, 3110) and the analytical
procedure was checked using reference material
(DORM1, Institute of Environmental Chemistry,
NRC Canada). Heavy-metal concentrations are ex-
pressed as µg g–1 dry weight. Statistical analysis of
results was carried out by a three-way analysis of
variance.
RESULTS AND DISCUSSION
Figures 1 and 2 show mean values and standard
deviations for Cu, Fe, Mn and Zn concentrations in
the liver, gills and muscle of S. senegalensis and F. het-
eroclitus.
The variance analysis showed differences in rela-
tion to the studied organ (P < 0.05). A range mul-
tiple (Tukey-Kramer) was carried out, and differ-
ences among liver and muscle and gills were
observed for the four metals. However, the differ-
ences were not significant between gills and muscle
(P > 0.05). 
In both species, the highest Cu and Fe values
were found in the liver. The liver plays an important
role in metal sequestration, because heavy metals
may be bound to metallothioneins (Cu, Zn, Cd) or
other ligands (Dallinger, 1995). Gills showed the
highest values for Mn. A different pattern was ob-
served in both species for Zn levels. In Solea sene-
galensis, the sequence was liver > gills > muscle,
whereas in F. heteroclitus it was gills > muscle > liver.
The liver of S. senegalensis showed the highest values,
with a ratio [M]Solea/[M]Fundulus of 2.75 for Fe and
1.30 for the other metals. The accumulation of
heavy metals in the liver is associated with low levels
of contaminants. When organisms are exposed to
high metal concentrations, the liver cannot regu-
late the hepatic levels, and an increase is observed
in other tissues (Benedetti, Albano and Mola,
1988). Copper and Fe concentrations in gills and
muscle of S. senegalensis were lower than in F. hetero-
clitus. For muscle, all of the heavy metals analysed
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showed higher concentrations in F. heteroclitus than
S. senegalensis This pattern could be related to these
species’ different habits, their biology, physiology or
feeding; F. heteroclitus is an active organism with a
higher metabolism rate than S. senegalensis, which is
a benthic species with sedentary habits. Therefore,
the need for Cu and Zn in the muscle of F. heterocli-
tus could be higher than for S. senegalensis.
Heavy metals showed significant differences
among their concentrations (P < 0.05). Thus, Fe
background levels were different from those of the
other metals. Levels of copper and zinc were also
different; while in the liver these values were simi-
lar. With regard to the species factor, the differ-
ences were significant (P < 0.05).
The Cu concentration found in the muscle of S.
senegalensis (an edible fish) did not exceed the max-
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Figure 1. Concentrations of Cu, Fe, Mn and
Zn (mean ± standard deviation) in liver, 
gills and muscle of S. senegalensis
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Figure 2. Concentrations of Cu, Fe, Mn and
Zn (mean ± standard deviation) in liver, 
gills and muscle of F. heteroclitus
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imum legal limit in Spain (Cu: 20 µg g–1 wet
weight). Copper levels in this tissue were similar to
those reported by Cossa et al. (1992) in flounder,
Platichthys flesus (Linnaeus, 1758), and Stenner and
Nickles (1975) in Solea solea from uncontaminated
sites. The use of copper sulphate in aquaculture as
an alternative to antibiotic treatment (Sarasquete
and Gutiérrez, 1987) could increase the levels of
this metal and reduce water quality.
The selected species present different feeding
habits and habitats. Therefore, the study of their
metal levels is very interesting, because these con-
centrations provide information about the main
routes of heavy-metal uptake. S. senegalensis is a ben-
thic species which lives on the bottom, and these
concentration can indicate the bioavailability of
heavy metals from the sediments (Luoma, 1983).
On the other hand, F. heteroclitus is a non-migratory
species which lives in estuary zones and is prey to
Dicentrachus puntactus (Bloch, 1792), D. labrax
(Linnaeus, 1758), Sparus aurata (Linnaeus, 1758)
and Anguilla anguilla (Linnaeus, 1758). Conse-
quently, the metal levels in this species could con-
tribute to an enhancement of metal concentrations
in commercial species. However, none of the met-
als studied in the present research project are non-
biomagnifiable.
This paper is a first step in the study of the heavy-
metal levels in fishes, and will be completed by the
analysis of metals in different compartments of the
ecosystem (water, sediment and other organisms
which live on the bottom and in the water col-
umn), and the effect of gender, size and age on
heavy-metal concentrations.
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